Medicinal Plant 2024, 15 (4) . 111 113, 121

DOI: 10.19600/j. cnki. issn2152 —3924.2024. 04. 025

Establishment and Evaluation of a Mouse Model of Allergic Rhinitis
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Abstract
ing methods. [ Methods ] 36 mice were randomly divided into the control group, blank group and experimental group, and there were 12 mice

[ Objectives | To explore a new method for induction of allergic rhinitis in mice, and compare and evaluate it with common model-

in each group. The mice in the control group were conventionally induced. That is, the mice were first injected intraperitoneally with the mix-
ture composed of OVA 50 wg, [ AI(OH), ] 5 mg and 1ml of normal saline once every other day, and then since the 15™d, 20 pLof 5% OVA
solution was dropped into each nasal cavity once a day, which lasted for 7 d. The blank group was treated with the same amount of normal sa-
line according to the control group, and received intraperitoneal injection and bilateral nasal drip respectively. In the experimental group, mice
were first given intraperitoneal injection of the mixture composed of ovalbumin (OVA) 75 pg, aluminum hydroxide gel [ AI(OH); ] 8 mg and
normal saline 1.5 mL for basic sensitization. On the 26" d, 20 L of 3% OVA solution was dropped into each nasal cavity once a day, which
lasted for 10 d. The number of sneezes, the number of nose scratching, the amount of nasal discharge, and the activity of mice in each group
were observed, and the behavior of allergic reaction was scored. Meanwhile, the number of eosinophils in the nasal discharge of mice and the
IgE content in serum were measured. [ Results] The score of nasal stimulation symptoms, the number of eosinophils and serum IgE level of
mice in the control group and the experimental group were higher than those in the blank group (P <0.05) , and there was no statistical signifi-
cance between the two groups in the three indicators (P >0.05). [ Conclusions] The modeling method was more suitable for the development
of allergic rhinitis patients’ condition, and reduced the probability of death of mice due to modeling, and simplified the experimental operation.
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1 Introduction

At present, there are many methods of modeling allergic rhinitis in
animal experiments, and these methods have their own advantages
and disadvantages. For example, Chen Jie et al. "' took mice to
be sensitized by intraderitoneal injection of 0. 1 ml antigen adju-
vant suspension on the 1" and 15" d, and 50 pL of 2 mg/mL OVA
" d of the ini-

tial sensitization, which lasted for 15 d. The number of sneezing

was dropped into nasal cavity once a day from the 15

and nose scratching was observed every 3 d for 3 min/mouse, and
the modeling time was 30 d. This method has the problem that the
initial sensitization interval was too long. Song Chenglin et al. ™'
injected 0. 1 and 0.2 mL of antigen adjuvant suspension containing
OVA (1 mg/mL), Bordetella pertussis (1 x10) and A1(OH),
(2 mg) into the left and right forelimbs and hind limbs of rats for
sensitization , and enhanced sensitization 5 d after the initial sensi-
tization. 0.5 mg of OVA dissolving in 1 mL of isotonic saline was
injected into the back of rats, and on the 7" d of the initial sensiti-
zation, 10 pL of 1 mg/mL OVA was dropped into nasal cavity
once a day. This method has the problem of complicated operation
and easy to cause accidental death of mice. The commonly used
method ; basic sensitization was performed 14 d before modeling,
and mice were injected with 50 pg OVA +5 mg AI(OH), +1 mL
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normal saline mixture, once every other day. On the 15" d,
20 pL of 5% OVA solution was dropped into each nasal cavity
once a day, lasting for 7 "), The method has the defect of low
drug concentration leading to poor molding effect. In this study, a
new modeling method was created through improvement to make
up for the shortcomings of the above modeling methods, so as to
provide a scientific basis for subsequent research on the mecha-

nism of allergic rhinitis and the development of treatment methods.

2 Materials and methods

2.1 Materials

2.1.1 Animals. 36 ICR-grade mice (12 — 15 g) aged 3 - 4
weeks (half male and half female) were purchased from Changsha
Tiangin Biotechnology Co., Ltd., and the production license
number is SCXK( Xiang)2022-0011. They were raised in the Ani-
mal Laboratory Center of Youjiang Medical University For Nation-
alities, where indoor ventilation was good, and indoor temperature
was 19 =22 °C. The feed conformed to the standard experimental
mouse feed. Sterile pure water was replaced once every two days,
and bedding was replaced 3 times a week.

2.1.2 Drugs and reagents. Ovalbumin (OVA), 4% aluminum
hydroxide gel [ AI(OH), ], Reye dye, and mouse immunoglobulin
E (IgE) ELISA kit were purchased from Nanning Baishi Innova-
tion Biotechnology Co. , Ltd. in Guangxi.

2.1.3 Main instruments. Main instruments included multifunc-
tional enzyme marker (Mithras LB 943, Berthold, Germany) , ta-
ble high-speed centrifuge (TG16-WS, Hunan Xiangyi Laboratory

Instrument Development Co. , Ltd. ), intelligent constant temper-
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ature water tank ( HH-Zk600, Gongyi Yingyu Gaoke Instrument
Factory ), inverted microscope ( Leica DMi8, Germany Leica
Company) , and electronic balance (FA1204B, Shanghai Tianmei
Balance Instrument Co. , Lid. ).

2.2 Methods

2.2.1 Preparation of reagents. Reagent 1: OVA 50 ug + [ AI(OH), ]
5 mg + 1 mL normal saline mixture. Reagent 2: OVA 75 g +
[AI(OH), ] 8 mg+1.5 mL normal saline mixture.

2.2.2  Grouping. The animals were randomly divided into the
control group, blank group and experimental group, with 12 mice
in each group (half male and half female) .

2.2.3 Modeling method. Control group: basal sensitization was

performed 14 d before modeling, and reagent 1 was injected into

Table 1 Behavioral rating table of anaphylaxis

mice intraperitoneally, once every other day. On the 15" d,
20 wL of 5% OVA solution was dropped into each nasal cavity
once a day for 7 d”’. Blank group: the same amount of normal sa-
line was used as the control group. Experimental group: on the
1", 3™, 10" and 19" d, reagent 2 was injected into mice intraper-
itoneally for basal sensitization. On the 26" d, 3% OVA solution
was dropped into each nasal cavity for 10 d.

2.2.4 Model determination. The nasal symptoms and signs of
mice were the main observation indicators. After the severity, fre-
quency and duration of nasal itchiness, sneezing and runny nose
were scored 15 min after the self-supporting drug was dropped into
each nasal cavity, and the score was recorded™’. The scoring cri-

teria were shown in Table 1.

Score (15 min after stimulation)

Symptom

v 1 2 3
Nasal itchiness <2 Between the two Scratching the nose violently
Sneezing 1 - 3- 11 -

Runny nose Flowing to the anterior nostril

Flowing beyond the anterior nostril

Tears streaming down one’s face
g

2.2.5

group of mice were taken with a small cotton swab for smear. The

Smear of nasal secretion. The nasal secretion of each

smears were dried by natural means and dyed with Wright’s A stain
for 1 min. Afterwards, Wright’s B stain phosphate buffer that was
2 -3 times of Wright’s A stain was dropped on the smears, and af-
ter being gently shaken, they were left for 5 min. They were
washed and sucked dry, and the morphological changes and quan-
tity of eosinophils were observed under a light microscope. Each
section was randomly selected with 5 high-power fields of view for
counting.

2.2.6 Measurement of serum Igk by double-antibody sandwich
ELAISA method. The IgE level was detected according to the
ELAISA kit

2.2.7 Statistical methods. SPSS 26 software was used to estab-
lish a database and conduct statistical analysis. The data was re-
presented by (x +s), and one-way ANOVA analysis of variance
was used. The test level; oo =0.05 (both sides), and P <0. 05

means the difference was statistically significant.

3 Results and analysis

3.1 General signs of mice All mice survived during the exper-
iment. The mice in the blank group were normally active, and had
no runny nose, sneezing and nose scratching. The 24 mice in the
control group and the experimental group had symptoms of nasal
scratching, runny nose, and sneezing. In the control group, the
score of anaphylaxis behavior of 7 mice was above 5. In the experi-
mental group, the score of anaphylaxis behavior of 8 mice was
above 5. The score of the control group and the experimental group
was higher than that of the blank group (P <0.05), but there was
no statistical significance between the two groups (P >0.05)

(Table 2).

Table 2 Score of nasal stimulation symptoms in mice

Group Number of samples Score of symptoms

Blank 12 0.750 £0.754

Control 12 4.750 £1.215°
Experimental 12 4.580 +1.505"

NOTE In the analysis of variance F' =42.763, P <0.001 ; * means that com-

pared with the blank group, P <0.05.

3.2 Number of eosinophils in nasal secretion The number of
eosinophils in the nasal secretion of experimental mice in both the
control group and the experimental group were higher than that in
the blank group (P <0.05), but there was no statistical signifi-
cance between the two groups (P >0.05) (Table 3).

Table 3 Number of eosinophils in the nasal secretion of mice

Group Number of samples Number of eosinophils
Blank 12 2.33£0.99

Control 12 6.58 +1.56"
Experimental 12 6.92 +1.93"

NOTE In the analysis of variance F' =32.942, P <0.001; * means that com-

pared with the blank group, P <0.05.

3.3 Serum IgEpg level The serum IgEpg level of mice in both
the control group and the experimental group were higher than that
in the blank group (P <0.05) , but there was no statistical signifi-

cance between the two groups (P >0.05) (Table 4).

Table 4 Detection results of serum IgE level in mice

Group Number of samples IeE // wg/mL

Blank 12 0.734 +0. 140

Control 12 1.795 +0.287°
Experimental 12 1.963 £0.264"
NOTE In the analysis of variance F' =93.004, P <0.001; * means that com-

pared with the blank group, P <0.05.
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4 Discussion

Allergic rhinitis is the most common and frequent disease in ear,
nose and throat department. According to statistics, the incidence
of allergic rhinitis in children and adults is 40% and 10% -30% ,
respectively, and its causes include inheritance, air pollution, and
bronchial asthma'®’. Its symptoms include itchy nose, stuffy nose,
runny nose, and sneezing'’".

The establishment of animal models is an important method to
study human diseases'®’. Various factors affecting the development
of the disease can be observed. It can also be applied to human
beings through the study of the life phenomena of animals them-
selves. The ideal modeling method for animals must have the char-
acteristics of high success rate, high survival rate and simple oper-
ation”’. At present, there are different methods for establishing
allergic rhinitis models at home and abroad, which are mainly
achieved through systemic and local sensitization of allergens. Ro-
dents are mainly selected, including rats, mice, guinea pigs, etc.
Although rats have a high success rate in modeling, their large size
increases the difficulty and cost of experimental operation. There
are a large number of complement in the serum of guinea pigs, and
it is a biological feature that is easy to sensitize, but the modeling
effect is poor and the success rate is low. Therefore, mice were se-
lected in this experiment, and they were easy to operate and had
certain biological characteristics of sensitization. The allergens
used for modeling mainly include ragweed pollen, TDI, OVA, fine

"', among which TDI and OVA are commonly

worms and fungi'"
used. Studies have shown that TDI has certain toxicity, and if it is
used in animal modeling, animal mortality is higher; it also has
certain hazards to experimental personnel, and lacks stability and

" OVA is in powder form and has strong immunogenicity

safety
but it is easy to coagulate and denature in a solution, so aluminum
hydroxide gel is often used as adjuvant. It is found that the effect
of aluminum hydroxide gel on enhancing the allergic reaction mod-
el caused by ovalmin is better than that of aluminum hydroxide dry
powder model . Hence, in this study, OVA was used as the al-
lergen, and aluminum hydroxide gel was as the adjuvant to suc-
cessfully build an animal model of allergic rhinitis; no adverse
phenomena such as granuloma were found in the organs of
mice'” . In recent years, experimental studies have also shown
that willow pollen protein extract, as an allergen, can also be used
for successful molding'"*'. The establishment of mouse model of al-
lergic rhinitis consists of two stages, basic sensitization and local
excitation. Common methods include aerosol inhalation, nasal in-
halation, and intraperitoneal injection, of which aerosol inhalation
will cause sensitization of lower respiratory tract. In most studies,
intrabitoneal injection was used for basic sensitization, and nasal
inhalation was used for local stimulation. The method is mature
and has high stability and low experimental cost, so the method of
intrabitoneal injection and nasal inhalation was used for modeling

s During the establishment of the model in

in this experiment
this study, the control group was treated with the commonly used
modeling method in previous studies, namely reagent 1. OVA
50 pg + [ AI(OH), ]5 mg + 1 mL normal saline mixture. The ad-

ministration method was as follows: basic sensitization was per-

formed 14 d before modeling, and the mice were injected with rea-
gent 1 normal saline mixture peritoneally once every other day. On
the 15" d, 20 pL of 5% OVA solution was dropped into each nasal
cavity once a day for 7 d. The experimental group adopted the im-
proved method, namely reagent 2: OVA 75 pg + [ AI(OH), ] 8 mg +
1.5 mL normal saline mixture. The administration method was as
follows: on the 1%, 3™, 10" and 19" d, the mice were injected
with reagent 2 normal saline mixture for basic sensitization. On the
26" d after basic sensitization, 3% OVA solution was dropped into
bilateral nasal cavities for 10 d. There was no accidental death or
asthma of mice during the experiment.

The modeling scoring criteria reported in previous studies are

] The behavior indicators of mice after mod-

basically consistent
eling were scored, including the number of sneezes, the degree of
runny nose, and the degree of scratching nose and face. The total
score greater than 5 means the success of modeling. A large num-
ber of studies have shown that patients with allergic rhinitis contain
a large number of inflammatory cells, in which eosinophils and
their released toxic proteins play an important role in the course of

disease development™'®

. Allergic rhinitis belongs to type I allergy,
and secretory immunoglobulin IgE is an important antibody to in-
duce type I allergy, which is mostly derived from lamina propria
cells of nasopharynx, gastrointestinal mucosa, and bronchus'"”’.
In this study, it was found that there was no statistical significance
between the two groups in the score, the number of eosinophils and
serum IgE level of mice in the control group and the experimental
group (P >0.05). Meanwhile, the number of eosinophils and ser-
um IgE level of mice in the control group and the experimental
group were higher than those in the blank group (P <0.05).

In summary, on the basis of the original sensitization method,
according to the characteristics of long course and continuous stim-
ulation of allergic rhinitis, this experiment appropriately extended
the modeling time, increased the frequency of sensitization in the
basic sensitization stage, increased the drug concentration within
the acceptable safe range of mice, ensured the success rate of mod-
eling, and reduced the accidental mortality of mice, and had a
good modeling effect.
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